concluded that the promotive action of CNon lettuce-seed germination was nutritional, resulting from incorporation of cyanide into amino acids and protein. Yentur and Leopold (8) showed that seed respiration of various species was CN--resistant at early stages of germination but became CN--sensitive at later stages. Lettuce seed germination in the presence of CN-has been found to proceed normally, even if seeds were imbibed directly in solutions containing 10 mm KCN (9).
tion has been underestimated in the past due to escape of volatile HCN from open systems.
The metabolic inhibitor cyanide has been reported to be ineffective in blocking seed germination (1, 3, 7) . In fact, Roberts (3) even found CN-salts to break dormancy in several species of cereal grain, and Mayer et al. (2) found CN-to stimulate, mildly, the dark germination of Grand Rapids lettuce seeds. Taylorson and Hendricks (6) concluded that the promotive action of CNon lettuce-seed germination was nutritional, resulting from incorporation of cyanide into amino acids and protein. Yentur and Leopold (8) showed that seed respiration of various species was CN--resistant at early stages of germination but became CN--sensitive at later stages. Lettuce seed germination in the presence of CN-has been found to proceed normally, even if seeds were imbibed directly in solutions containing 10 mm KCN (9) .
A common technique utilized in many previous germination studies was to incubate seeds in covered Petri dishes. However, it has been observed during experiments in our laboratory that, if covered Petri dishes containing lettuce seeds imbibed in KCN were sealed with thermoplastic film to prevent desiccation during long incubations, germination was blocked even at very low levels of KCN. Since preliminary observations suggested that inhibited germination was not the result of sealing per se (ie. in the absence of KCN), the apparent cyanide effect was investigated further. Generation of HCN within Closed Systems. Seeds were imbibed in 1.2 ml H20 instead of in KCN, but 0. l-ml aliquots of KCN at various concentrations were added to a centerwell. Dishes were immediately sealed with Parafilm, and 0.1 ml I N H2SO4 was injected into the centerwell through a tape-sealed pinhole in the cover of the dish. The hole was immediately resealed with tape.
Exogenous HCN. HCN gas was generated separately by injecting 0.6 ml 10 N H2S04 into a sealed 50-ml Erlenmeyer flask containing 0.3 ml 1 N KCN. The generation flask was maintained at 50 C with stirring. HCN gas distilled through a sidearm connection to a collection flask containing 30 ml H20 held at ice temperature. After 24 h of incubation, aliquots of the collecting solution were withdrawn by syringe through a serum stopper, and cyanide was determined colorimetrically, according to the method of Robbie and Leinfelder (5) . Once determined, precise volumes of aqueous HCN were removed and injected into sealed Petri dishes, either directly or after further dilution. This procedure permitted control of the dosage of HCN delivered to, and potentially available for, interaction with the enclosed seeds.
Cyanide Reversibility. Seeds were incubated as described, either in H20 or in 3 mm KCN, within sealed Petri dishes. Seals were removed after 3 days, and seeds were maintained in test solutions for an additional 4 (0), while the other set remained unsealed (0). B, Seeds were imbibed directly in KCN solutions within sealed Petri dishes. One set of dishes had centerwells containing 0.1 ml H20(-), while the other set had centerwells containing 0.1 ml 3.6 N KOH (A). C, Seeds were imbibed in 1.2 ml H20, and 0.1-ml aliquots of various concentrations of KCN plusI N H2SO4 were sequentially injected into the centerwells. D, Seeds were imbibed directly in aqueous HCN solutions (generated and determined externally) and appropriately diluted, and 1.2-ml aliquots were injected into sealed dishes containing dry seeds. inhibiting lettuce-seed germination proved to be 1.1 ,umol g-' (0.066 mM). Inhibition was maximal at 2.6 ,umol g-' (0.16 mM HCN) (Fig.ID) . A 20-fold higher dosage of KCN (52.8 ,umol g-', corresponding to 3.2 mM) failed to inhibit germination in covered out of the system. This finding does not mean that operation of cyanide-resistant processes, such as the alternative electron transport pathway, are not important in the germination process (8, 9) . It merely means that HCN-sensitive processes also are required.
It is possible that the ability of HCN to block germination is related to the greater permeability ofcell membranes to uncharged HCN molecules rather than to highly charged CN-anions. It also is more likely that HCN entered seed tissue from aqueous solution than from the gas phase. For instance, whenever HCN gas was injected into, or generated within, a sealed system, subsequent determination of cyanide in samples of the headspace atmosphere indicated little or no gaseous HCN; analysis of the aqueous imbibing solution always revealed an accumulation of dissolved HCN. Nevertheless, a small proportion of HCN undoubtedly volatilizes out of aqueous solution, and mass action drives its continuous escape from open systems.
The findings of this investigation indicate that metabolic requirements for germination involve cyanide-sensitive as well as cyanide-resistant processes. Identification of the key germinationlimiting steps will require further investigation at the level of cell physiology and metabolism.
